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^HT&^bocket No. 09794829-0048 PATENT 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICANT(S): Herbert J. Thartner ATT Y DOCKET NO.: 09704829-0048 

SERIAL NO.: 09/802,000 GROUP ART UNIT: 2834 

DATE FILED: March 8, 2001 EXAMINER: (not yet assigned) 

INVENTION: "PIEZOELECTRIC OSCILLATOR ASSEMBLY" 

o 

PRELIMINARY AMENDMENT "A" f 7 

Hon. Assistant Commissioner for Patents 

Washington, DC 2023 1 : 
Dear Sir: p /, — : 

<_> 

Prior to the examination of the above-identified patent application, please^nter the 
amendment presented below. 

IN THE SPECIFICATION 

On page 1, between the Title of the Invention and the heading " BACKGROUND OF 
THE INVENTION" i nsert the following: 
- RELATED APPLICATION DATA 

The present application claims priority to Austrian Application No. A 385/2000, filed 
March 8, 2000, and is incorporated herein by reference to the extent permitted by law.-. 

On page 1, line 5, please insert the new rewritten paragraph: 

-The invention relates to a piezoelectric resonator arrangement comprising a mount 
having at least two mounting elements and at least one platelike, piezoelectric resonator that 
is clamped between the mounting elements, of which at least one is pressed against the 
resonator by a force. — 



On page 1, line 9, please insert the new rewritten paragraph: 

-In addition to the effectively acting material constants and the physical dimensions, 
the resonant frequency of a piezoelectric resonator is decisively dependent on the interaction 
with its environment (for example: pressure, temperature, mass load). From this, two 
fundamentally different areas of application naturally arise. On the one hand, piezoelectric 
resonators are used as a frequency standard, whereby the resonator is standardly located in 
the feedback branch of an oscillator, and thereby stabilizes the oscillator frequency in the 
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vicinity of the resonant frequency. In this application, the influences of the environment on 
the resonant frequency are kept as constant as possible by a hermetically sealed housing that 
is either filled with a protective gas or is evacuated. On the other hand, piezoelectric 
resonators are used as sensor elements, whereby from the measured changes of the resonance 
characteristics, conclusions are drawn concerning the physical or, respectively, chemical 
characteristics, or, respectively, the chronological modification thereof, of the environment. 
In both areas of application, a mounting and electrical contacting of the resonator is 
required— 

On page 1, line 23, please insert the new rewritten paragraph: 
—In the case of the frequency standard, the resonator is standardly mounted in 
standardized housings, whereby the electrodes are glued to the supply lines in electrically 
conductive fashion, and the resonator therefore cannot be exchanged. In the case of the 
microbalance sensor application (QCM Quartz Crystal Microbalance), the resonator 
(thickness shear mode) is built into correspondingly constructed mounts, which standardly 
can be disassembled. The resonator is thereby electrically contacted at both main surfaces, 
and held stably in position, using resilient contact elements that exert holding forces (Fig.l) 
that act axially on the resonator, thus also pressing the resonator against the mounting part 
connected to ground potential (for example, the microbalance sensor mount of the company 
Leybold Inficon).— 

On page 2, line 1 , please insert the new rewritten paragraph: 
-Given this 'axial' electrical contacting or, respectively, mounting, temperature 
variations result not only in different thermal expansions between the main surface of the 
resonator and the mount, but also in changes of the contact forces of the spring elements, and 
thus in undefined transition resistances. In order to minimize as far as possible thermally 
caused influences on the resonant frequency, temperature-compensated blanks (e.g., quartz 
AT blanks) are used, and also the mount is cooled or, respectively, thermostatized during the 
measurement— 

On page 2, line 7, please insert the new rewritten paragraph: 
-An axial contacting is also present in the mount of the piezoelectric resonator 
according to DE 34 27 646 A, in which the resonator lies with one of its main surfaces on 
lugs of the resonator mount and is fixed thereon by gluing. Here as well, the oscillation 



characteristics of the crystal are therefore influenced in an undesired manner by axial 
electrical contacting and mounting. The mount according to JP 57-92913 A is similar both in 
its construction and also in its negative effects on the oscillation characteristics of the 
resonator. Here as well, a discoid resonator lamina is positioned and fixed by axial 
application and gluing with the mounting elements; additional positioning aids also being 
present on said mounting elements in the form of elements abutting the lateral surfaces of the 
resonator. — 

On page 2, line 16, please insert the new rewritten paragraph: 

—Finally, mention is also made of the construction stated and presented as prior art in 
the cited Japanese laid open print, in which two mounting lugs are present having parallel 
longitudinal slits for the installation of the resonator lamina. The lower, and if necessary also 
4 the upper, main surface of the resonator lamina lies on the edge of the longitudinal slit with a 
2 part of its main surface, so that here as well a negative influence on the oscillation 

1 characteristics is possible, in particular given the ( typically likewise provided) gluing of the 
* resonator lamina to the mounting lugs.— 

% On page 2, line 24, please insert the new rewritten paragraph: 

:i ! -The object of the invention is to propose a simple arrangement for the mounting or, 

■J 

2 respectively, electrical contacting of a piezoelectric resonator in which the oscillation and 
1 resonance characteristics remain as free as possible of influence from the mounting or, 

respectively, electrical contacting. In addition, this advantage is to be provided over a large 
temperature range, m order thereby also to minimize the temperature-caused hysteresis of the 
resonance characteristics. — 



On page 2, line 30, please insert the new rewritten paragraph: 
-The first object is solved according to the present invention in that the mounting 
elements abut immediately and directly on the resonator, and fix the resonator in the 
arrangement without the use of an adhesive, and in that the points of electrical contact of the 
mounting elements with the resonator lie essentially in one plane, said plane being essentially 
parallel to the plane of the resonator, and in that the mounting and electrical contacting forces 
exerted by the mounting elements lie essentially parallel to the plane of the resonator. The use 
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of the resonator is thereby significantly simplified, because no additional gluings need be 
provided that form an intermediate layer between the mounting elements and the resonator 
material. The mounting forces, and also the electrical contacting forces, are already given by 
the mounting elements alone. This also enables the resonator to be exchanged in a simple 
manner without destruction. In addition, diffusion effects between the glue and the electrodes 
are prevented that occur given use at high temperatures and that have an influence on the 
resonant frequencies. Both for thickness shear and for thickness extension resonators, an 
arrangement thereby results in which the mounting and electrical contacting forces act 
parallel to the node plane of the main oscillation, which can be excited piezoelectrically, 
whereby these forces also influence the oscillation characteristics only to the smallest 
possible degree. Of course, at least one of the mounting elements is here also advantageously 
constructed from one essentially rigid part and one part that can essentially be elastically 
fi, deformed, the latter part being located closer to the base structure.-- 

j On page 3, line 17, please insert the new rewritten paragraph: 

t. —According to an additional feature of the invention, the mounting elements can 

A thereby lie immediately and directly on the lateral surface, or on one of the lateral surfaces, of 

3. the resonator, by which means it is possible to avoid all axial force components on the main 

.■Pi 

:J J surfaces of the resonator lamina, and thereby also to avoid all negative influencing of the 
oscillation characteristics of the resonator.— 

On page 3, line 22, please insert the new rewritten paragraph: 
-Advantageously, the points of contact of the mounting elements with the resonator 
are provided exclusively on the lateral surface, or, respectively, one of the lateral surfaces, of 
the resonator. That is, the contact points are for example fashioned complementary to the 
lateral surface or surfaces, or the contact points comprise mounting structures in which 
resonator laminae can be used having, in principle, any construction of the lateral surfaces for 
example, needle-shaped points forming a multipoint mounting, or the like.- 

On page 3, line 28, please insert the new rewritten paragraph: 
-According to a further advantageous specific embodiment of the invention, the 
mounting and electrical contacting forces exerted by the mounting elements are directed 
essentially radially towards the center of the resonator.— 
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On page 3, line 31, please insert the new rewritten paragraph: 
-In order to keep the mounting forces, and also the electrical contacting forces, 
essentially constant over the entire range of temperatures that will be encountered during use, 
and also to enable compensation of manufacturing tolerances in the dimensions of the 
resonator, according to another feature of the invention at least one of the mounting elements 
is mounted elastically or, respectively, is connected elastically with the base structure.— 

On page 4, line 3, please insert the new rewritten paragraph: 

--In an advantageous specific embodiment of the invention, it is provided that at least 
one of the mounting elements is made up of one essentially rigid part and one part that is 
essentially elastically deformable, whereby the elastic part is located closer to the base 
structure. In such arrangement, those parts of the mounting arrangement that are responsible 
for the magnitude of the mounting forces are arranged outside the region in which 

4 temperature changes preferably occur. Here as well, the mounting and electrical contacting 
forces can be kept essentially constant over the entire application temperature range, and the 
tolerances can be compensated. For example, given sensor arrangements in which there 
results a heating of the volume around the resonator, or of the resonator itself, during 

5 operation, the elastic part is located at a distance therefrom, so that the heating can act only to 
a small extent, or not at all, on the mechanical and elastic characteristics of the elastically 
deformable part of the mounting arrangement. For this reason, the temperature response of 
the resonant frequency of a piezoelectric resonator in the inventive mount arrangement is 
influenced only slightly by the mount, and the hysteresis of the resonant frequency is reduced 
in a temperature range from room temperature up to approximately 700°C.~ 



On page 4, line 1 8, please insert the new rewritten paragraph: 

-According to an advantageous specific embodiment of the invention, at least one of 
the mounting elements is constructed as an oblong mounting arm having at least one 
essentially rigid longitudinal segment and one segment that is essentially elastically 
deformable, whereby a good mounting effect and shape endurance is achieved, in particular 
given the arrangement of the rigid segment at the resonator, and the resonator can be put in 
place and exchanged easily, since at least one essential segment of the mounting arm can be 
moved to the side (e.g. by using a special installation equipment) for this purpose. - 
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On page 5, line 17, please insert the new rewritten paragraph: 
—The object of the present invention is also achieved by an arrangement having a 
resonator in which at least one of the main surface regions is provided with at least one 
excitation electrode that covers at least a part of this main surface region, whereby an 
electrically conductive strip extends from the electrode essentially radially in the direction of 
the edge of the main surface region, and extends up to the lateral surface of the resonator. It 
is thereby no longer necessary to provide a clamping, or even only an electrical contacting, 
with a force acting normally on the main surface, or on each main surface, of the resonator 
having an electrode, in a region thereof that can have an adverse effect on the oscillations 
characteristics. In an arrangement as specified above, the resonator constructed in this way 
can be mounted such that the resonance characteristics remain as free as possible of influence 
.g from the mounting or, respectively, electrical contacting, and the hysteresis, caused by 
;| temperature, of the resonance characteristics is minimized. In addition, the cited features- 
j enable the advantageous radial clamping of the resonator while avoiding the electrical 
?; contacting of the resonator immediately on the main surface regions, in advantageous 
•* combination with the purely radial mounting and clamping of the resonator.-- 

*j On page 6, line 5, please insert the new rewritten paragraph: 

if -FIG. 2 is a top view of a circular resonator lamina embodying the principles of the 

i. present invention and having electrodes and a conductive segment extending up to the lateral 
surface thereof— 

On page 6, line 8, please insert the new rewritten paragraph: 
—FIG. 3 is a side view of the lamina of FIG. 2 with an essentially radial mount- 
On page 6, line 10, please insert the new rewritten paragraph: 
-FIG 4 is an arrangement having mounting arms that are oriented parallel to the 
resonator lamina.— 

On page 6, line 16, please insert the new rewritten paragraph: 

-Although other shapes are possible, the preferred shape for piezoelectric resonators, 
in particular for microbalance sensor applications and as frequency standards, is the flat, 
essentially disk-shaped construction shown in the drawings. Electrodes 2 are thereby applied 



on the circular resonator lamina 1 , as can be seen particularly clearly in FIG. 1 . In 
microbalance arrangements, these electrodes 2 can be provided as a collector and counter- 
electrode. Of course, it is also possible for only one electrode to be present on one side of the 
resonator lamina 1. The electrode 2, or at least one electrode 2, is applied up to a point close 
to the edge of the resonator 1 . According to the prior art, in an arrangement such as that 
shown in FIG. 1, the mounting forces or, respectively, electrical contact forces FR at the edge 
of the resonator in the axial direction therefore act in normal fashion on the node plane of the 
piezoelectric ally excitable main oscillation (thickness shear oscillation or, respectively, 
thickness extension oscillation).— 

On page 6, line 28, please insert the new rewritten paragraph: 

—In contrast, according to the present invention it is provided that, as shown in FIG. 
0 2, the resonator lamina or plate 1 is borne at its edge by mounting elements that cause forces 
!^ FR that act radially on the resonator lamina at least two clamping points 3. In this case, the 
U force vectors FR lie in the node plane of the pi ezo electrically excitable main oscillation 
5 (thickness shear oscillation or, respectively, thickness extension oscillation). In the resonator 
s! 1 , the electrodes 2, which cover only a part of the main surface(s) of the lamina 1 , are then 
5 preferably provided with conductive strips, called contact lugs 3, which extend out to the 
**| lateral surface of the resonator lamina. In this construction of the electrodes, the resonator 1 is 
J * held at its edge by radially acting forces FR, and the electrical contact is also produced at the 
,1 same time by contact surfaces on the mounting elements. In the inventive arrangement, the 
force vectors of the mounting forces preferably lie in the node plane of the piezoelectric ally 
excitable main oscillation of the resonator, which comprises a corresponding crystallographic 
orientation. This holds both for thickness shear oscillations and for thickness extension 
oscillations. — 

On page 7, line 11, please insert the new rewritten paragraph: 
-In FIG. 3, a resonator 1 is shown having two-way phase at its edge and having an 
electrode geometry similar to that shown in FIG. 2, but here the contact lugs 4 extend up to 
the node plane of the main oscillation that is to be excited piezoelectrically (thickness shear 
oscillation or, respectively, thickness extension oscillation). In this construction, the 
mounting or, respectively, electrical contacting forces (F) occur at the phase, whereby the 
resulting mounting or, respectively, electrical contact forces (FR) again lie parallel to the 
node plane of the main oscillation that is to be excited piezoelectrically, and therefore act 
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radially on the resonator lamina 1. The peripheral region of the resonator lamina 1, 
comprising the lateral surfaces, is not flat, but rather is constructed so as to run to an edge, so 
that, working together with corresponding structures in the mounting elements, a precisely 
defined orientation of the resonator 1 is determined and can be securely maintained. A 
construction of this sort also makes handling easier during installation and exchange of the 
resonator lamina 1 , and makes tedious adjustments superfluous.— 

On page 7, line 24, please insert the new rewritten paragraph: 
—FIG. 4 shows a possible arrangement in which the resonator lamina 1 is located in 
the plane defined by two oblong mounting arms 6, 7 positioned opposite one another. The 
mounting arm 6 is thereby of essentially rigid construction, and is preferably also connected 
fixedly with the base plate 10 of the base structure of the mounting arrangement, while the 
mounting arm 7, which is likewise essentially rigid, is connected with the base structure via 
an elastic element 8 or via an elastically deformable longitudinal segment, and in this way 
exerts holding forces, or, respectively, electrical contacting forces FR on the resonator lamina 
1 that are maximally independent of temperature. The electrical contact to the electrodes 2 of 
the resonator is created via the terminal 9 and the mounting arms 6, 7. — 

On page 8, line 8, please insert the new rewritten paragraph: 
—A further specific embodiment of an inventive mounting arrangement is shown in 
FIG. 6, in which a top view of a ceramic mounting arrangement is shown. Two oblong 
mounting arms 6 and 7 are thereby cut from a flat ceramic lamina and are therefore 
advantageously manufactured in one piece with the base structure 10, said base structure 
being formed by the segment of the ceramic lamina at the right in the drawing. The mounting 
arms 6, 7 are made up of two longitudinal segments, of which that longitudinal segment 6a, 
7a that comes into contact with the resonator lamina 1 , and is also located in the region of the 
greatest heating, is constructed with a larger cross-section and is therefore essentially rigid. 
The heating can often be desired and can thereby be particularly intensive, in particular in the 
case of sensor arrangements and microbalance arrangements. The longitudinal segments 6b, 
7b located closer to the base structure 10 are constructed with a smaller cross-section and are 
therefore elastically deformable, and are responsible for the exertion of the mounting forces, 
and also the electrical contacting forces to the electrode 2, on the resonator lamina 1 . Since 
they are located outside the region of the heating of the resonator lamina 1, and in addition 
can rapidly transmit the brought-in heat to the base structure 10, the mechanical and elastic 
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characteristics thereof are influenced only slightly, or not all, by the temperature changes in 
the region of the resonator lamina l.~ 

On page 9, line 8, please insert the new rewritten paragraph: 

--Also, via at least one excitation electrode 2 and at least two conductive strips 3, 4, 
and its conductive connection with at least two mounting arms 6, 7, or 1 1, the electrical 
resistance can be measured and can be used to obtain values of the temperature of the 
electrode and or the resonator lamina 1, respectively, in particular by using platin electrodes. 
Further, via the electrode and its conductive connection with the mounting arms 6, 7, or 1 1, 
the resonator lamina 1 can be heated or thermally stabilized by leading an electric current 
therethrough. This heating or thermal stabilizing could be in combination with an 
arrangement to measure the temperature of the resonator lamina or the area surrounding the 
resonator lamina and a calculation of the necessary, current value and control of the current 
source such that the exact required current value is supplied to the electrodes. — 

In the abstract, please insert the new rewritten abstract: 

—A piezoelectric resonator arrangement comprises a mount having at least two 
mounting elements on a base structure and at least one laminar piezoelectric resonator that is 
clamped between the mounting elements, of which at least one impinges on the resonator 
with a force. In order to obtain the oscillation and resonance characteristics in a manner as 
free as possible of influence from the mounting or, respectively, electrical contacting, and 
over a large temperature range in order also to minimize the temperature-caused hysteresis of 
the resonance characteristics, the mounting elements abut immediately and directly on the 
resonator and contact and fix this resonator in the arrangement without the use of adhesive, 
and the points of electrical contact of the mounting elements with the resonator are located 
essentially in one plane that lies essentially parallel to the plane of the resonator, and, in 
addition, the mounting and electrical contacting forces exerted by the mounting elements lie 
essentially parallel to the plane of the resonator.-- 
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IN THE CLAIMS 

Please cancel claims 18-20 without prejudice or disclaimer. 

Please amend claims 1, 4, and 10 as follows: 

1. (Amended) —A piezoelectric resonator arrangement comprising a mount having at 
least two mounting elements and having at least one platelike piezoelectric resonator having 
at least one excitation electrode from which at least one electrically conductive strip extends 
in the direction of the edge of the resonator, the resonator being clamped between the 
mounting elements in a plane, of which at least one element presses on the resonator with a 
force, said mounting elements abutting immediately and directly on at least one lateral 
surface of the resonator, wherein the resonator is fixed between the mounting elements 
without the use of an adhesive, at least one electrically conductive strip extends up to the 
lateral surface of the resonator, and at least one adhesive-free electrical point of contact with 
the resonator is provided on the lateral surface of the resonator, the electrical contacting 
forces lying essentially in one plane with the resonator.— 

4. (Amended) --An arrangement according to claim 3, wherein on at least two 
mounting elements, at least one electrical contact surface is respectively provided which 
faces at least one lateral surface of the resonator, at least one second electrically conductive 
strip extends essentially radially from at least one excitation electrode of the resonator, and 
both conductive strips extend to the lateral surface of the resonator and into the region, 
respectively, of one of the electrical contact surfaces of the mounting elements.— 

10. (Amended) —An arrangement according to claim 9, wherein at least one of the 
mounting elements is constructed as an oblong mounting arm having at least one essentially 
rigid longitudinal segment and one essentially elastically deformable segment.-- 
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REMARKS 



Claims 1-17 are pending in the present application. Claims 18-20 have been 
cancelled without prejudice or disclaimer. Claims 1, 4, and 10 have been amended. Support 
for these amendment can be found at least on pages 3-5 and 7-9. Applicant respectfully 
submits that no new matter has been added by way of these amendments. 

The specification has been amended to correct minor typographical and grammatical 
errors introduced during translation. 

Copies of the original Power of Attorney and Declaration, Assignment, and priority 
document for Austrian Application No. A 385/200 are submitted herewith. 



Respectfully submitted, 



SONNENSCHEIN NATH & ROSENTHAL 




, 2001 




By: 



SONNENSCHEIN NATH & ROSENTHAL 

P.O.Box #061080 

Wacker Drive Station - Sears Tower 



I hereby certify that this document and any being referred to as 
attached or enclosed is being deposited with the United States 
Postal Service as Express Class Mail EL281359539US in an 



Attorneys for Applicant(s) 



Chicago, IL 60606-1080 
Telephone 312/876-2606 
Customer #26263 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 



In the Specification: 

On page 1, between the Title of the Invention and the heading " BACKGROUND OF 
THE INVENTION " the following has been inserted: 
- RELATED APPLICATION DATA 

The present application claims priority to Austrian Application No. A 385/2000. filed 
March 8, 2000, and is incorporated herein by reference to the extent permitted by law. — 

On page 1, line 5, the following new rewritten paragraph has been inserted: 
-The invention relates to a piezoelectric resonator arrangement comprising a mount 
having at least two mounting elements [on a base structure] and at least one platelike, 

| j piezoelectric resonator that is clamped between the mounting elements, of which at least one 

M is pressed against the resonator by a force.— 

On page 1 , line 9, the following new rewritten paragraph has been inserted: 
—In addition to the effectively acting material constants and the physical dimensions, 
the [resonance] resonant frequency of a piezoelectric resonator is decisively dependent on the 
interaction with its environment (for example: pressure, temperature, mass load). From this, 
4 two fundamentally different areas of application naturally arise. On the one hand, 

piezoelectric resonators are used as a frequency standard, whereby the resonator is standardly 
located in the feedback branch of an oscillator, and thereby stabilizes the oscillator frequency 
in the vicinity of the [resonance] resonant frequency. In this application, the influences of the 
environment on the [resonance] resonant frequency are kept as constant as possible by a 
hermetically sealed housing that is either filled with a protective gas or is evacuated. On the 
other hand, piezoelectric resonators are used as sensor elements, whereby from the measured 
changes of the resonance characteristics, conclusions are drawn concerning the physical or, 
respectively, chemical characteristics, or, respectively, the chronological modification 
thereof, of the environment. In both areas of application, a mounting and electrical contacting 
of the resonator is 
required.— 
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On page 1, line 23, the following new rewritten paragraph has been inserted: 
—In the case of the frequency standard, the resonator is standardly mounted in 
standardized housings, whereby the electrodes are glued to the supply lines in electrically 
conductive fashion, and the resonator therefore cannot be exchanged. In the case of the 
microbalance sensor application (QCM [B] Quartz Crystal Microbalance), the resonator 
(thickness shear [oscillator] mode ') is built into correspondingly constructed mounts, which 
standardly can be disassembled. The resonator is thereby electrically contacted at both [sides] 
main surfaces , and held stably in position, using resilient contact elements that exert holding 
forces (Fig.l) that act axially on the resonator, thus also pressing the resonator against the 
mounting part connected to ground potential (for example, the microbalance sensor mount of 
the company Leybold Inficon).-- 

On page 2, line 1, the following new rewritten paragraph has been inserted: 
—Given this 'axial' electrical contacting or, respectively, mounting, temperature 
variations result not only in different thermal expansions between the main surface of the 
resonator [surface] and the mount, but also in changes of the contact forces of the spring 
elements, and thus in undefined transition resistances. In order to minimize as far as possible 
thermally caused influences on the [resonance] resonant frequency, temperature-compensated 
blanks (e.g., quartz AT blanks) are used, and also the mount is cooled or, respectively, 
thermostatized during the measurement. — 

On page 2, line 7, the following new rewritten paragraph has been inserted: 
—An axial contacting is also present in the mount of the piezoelectric resonator 
according to DE 34 27 646 A, in which the resonator lies with one of its [flat covering] main 
surfaces on lugs of the resonator mount and is fixed thereon by gluing. Here as well, the 
oscillation characteristics of the crystal are therefore influenced in an undesired manner by 
axial electrical contacting and mounting. The mount according to IP 57-92913 A is similar 
both in its construction and also in its negative effects on the oscillation characteristics of the 
resonator. Here as well, a discoid resonator lamina is positioned and fixed by axial 
application and gluing with the mounting elements; additional positioning aids also being 
present on said mounting elements in the form of elements abutting the lateral surfaces of the 
resonator.— 
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On page 2, line 16, the following new rewritten paragraph has been inserted: 
-Finally, mention is also made of the construction stated and presented as prior art in 
the cited Japanese laid open print, in which two mounting lugs are present having parallel 
longitudinal slits for the installation of the resonator lamina. The lower, and if necessary also 
the upper, [covering] main surface of the resonator lamina lies on the edge of the longitudinal 
slit with a part of its main surface, so that here as well a negative influence on the oscillation 
characteristics is possible, in particular given the ( typically likewise provided) gluing of the 
resonator lamina to the mounting lugs.-- 

On page 2, line 24, the following new rewritten paragraph has been inserted: 
—The object of the invention is to propose a simple arrangement for the mounting or, 
respectively, electrical contacting of a piezoelectric resonator in which the oscillation and 
resonance characteristics remain as free as possible of influence from the mounting or, 
respectively, electrical contacting. In addition, this advantage is to be provided over a large 
temperature range, in order thereby also to minimize the temperature-caused hysteresis of the 
resonance characteristics. — 

On page 2, line 30, the following new rewritten paragraph has been inserted: 
—The first object is solved according to the present invention in that the mounting 
elements abut immediately and directly on the resonator, and fix the resonator in the 
arrangement without the use of an adhesive, and in that the points of electrical contact of the 
mounting elements with the resonator lie essentially in one plane, said plane being essentially 
parallel to the plane of the resonator, and in that the mounting and electrical contacting forces 
exerted by the mounting elements lie essentially parallel to the plane of the resonator. The use 
of the resonator is thereby significantly simplified, because no additional gluings need be 
provided that form an intermediate layer between the mounting elements and the resonator 
material. The mounting forces, and [if necessary] also the electrical contacting forces, are 
already given by the mounting elements alone. This also enables the resonator to be 
exchanged in a simple manner without destruction. In addition, diffusion effects between the 
glue and the electrodes are prevented that occur given use at high temperatures and that have 
an influence on the [resonance] resonant frequencies. [However, in this way the mounting 
and contacting forces, or at least the resultants of all these forces, also act radially on the 
resonator.] Both for thickness shear and for thickness [expansion oscillators] extension 
resonators , an arrangement thereby results in which the mounting and electrical contacting 



14 



forces act parallel to the node plane of the main oscillation, which can be excited 
piezo electrically, whereby these forces also influence the oscillation characteristics only to 
the smallest possible degree. Of course, at least one of the mounting elements is here also 
advantageously constructed from one essentially rigid part and one part that can essentially 
be elastically deformed, the latter part being located closer to the base structure. -- 

On page 3, line 17, the following new rewritten paragraph has been inserted: 
—According to an additional feature of the invention, the mounting elements can 
thereby lie immediately and directly on the lateral surface, or on one of the lateral surfaces, of 
the resonator, by which means it is possible to avoid all axial force components on the 
[covering] main surfaces of the resonator lamina, and thereby also to avoid all negative 
influencing of the oscillation characteristics of the resonator. — 

On page 3, line 22, the following new rewritten paragraph has been inserted: 
—Advantageously, the points of contact of the mounting elements with the resonator 
are provided exclusively on the lateral surface, or, respectively, one of the lateral surfaces, of 
the resonator. That is, the contact points are for example fashioned complementary to the 
lateral surface or surfaces, or the contact points comprise mounting structures in which 
resonator laminae can be used having, in principle, any construction of the lateral surfaces 
[B] for example, needle-shaped points forming a multipoint mounting, or the like- 
On page 3, line 28, the following new rewritten paragraph has been inserted: 
—According to a further advantageous specific embodiment of the invention, the 
mounting and electrical contacting forces exerted by the mounting elements are directed 
essentially radially towards the center of the resonator.— 

On page 3, line 31, the following new rewritten paragraph has been inserted: 
—In order to keep the mounting forces, and [if necessary] also the electrical contacting 
forces, essentially constant over the entire range of temperatures that will be encountered 
during use, and also to enable compensation of manufacturing tolerances in the dimensions of 
the resonator, according to another feature of the invention at least one of the mounting 
elements is mounted elastically or, respectively, is connected elastically with the base 
structure.— 
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On page 4, line 3, the following new rewritten paragraph has been inserted: 
—In an advantageous specific embodiment of the invention, it is provided that at least 
one of the mounting elements is made up of one essentially rigid part and one part that is 
essentially elastically deformable, whereby the elastic part is located closer to the base 
structure. In such arrangement, those parts of the mounting arrangement that are responsible 
for the magnitude of the mounting forces are arranged outside the region in which 
temperature changes preferably occur. Here as well, the mounting and electrical contacting 
forces can be kept essentially constant over the entire application temperature range, and the 
tolerances can be compensated. For example, given sensor arrangements in which there 
results a heating of the volume around the resonator, or of the resonator itself, during 
operation, the elastic part is located at a distance therefrom, so that the heating can act only to 
a small extent, or not at all, on the mechanical and elastic characteristics of the elastically 
deformable part of the mounting arrangement. For this reason, the temperature response of 
the [resonance] resonant frequency of a piezoelectric resonator in the inventive mount 
arrangement is influenced only slightly by the mount, and the hysteresis of the [resonance] 
resonant frequency is reduced in a temperature range from room temperature up to 
approximately 700°C.~ 

On page 4, line 18, the following new rewritten paragraph has been inserted: 
—According to an advantageous specific embodiment of the invention, at least one of 
the mounting elements is constructed as an oblong mounting arm having at least one 
essentially rigid longitudinal segment and one segment that is essentially elastically 
deformable, whereby a good mounting effect and shape endurance is achieved, in particular 
given the arrangement of the rigid segment at the resonator, and the resonator can be put in 
place and exchanged easily, since at least one essential segment of the mounting arm can be 
moved to the side (e.g. by using a special installation equipment) for this purpose^ for 
example using an installation aid].— 

On page 5, line 17, the following new rewritten paragraph has been inserted: 
—The object of the present invention is also achieved by an arrangement having a 
resonator in which at least one of the main surface regions is provided with at least one 
excitation electrode that covers at least a part of this main surface region, whereby an 
electrically conductive strip extends from the electrodef, preferably] essentially radially[,] in 
the direction of the edge of the main surface region, and extends up to the lateral surface of 
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the resonator. It is thereby no longer necessary to provide a clamping, or even only an 
electrical contacting, with a force acting normally on the main surface, or on each main 
surface, of the resonator having an electrode, in a region thereof that can have an adverse 
effect on the oscillations characteristics. In an arrangement as specified above, the resonator 
constructed in this way can be mounted such that the resonance characteristics remain as free 
as possible of influence from the mounting or, respectively, electrical contacting, and the 
hysteresis, caused by temperature, of the resonance characteristics is minimized. In addition, 
the cited features enable the advantageous radial clamping of the resonator while avoiding the 
electrical contacting of the resonator immediately on the [flat] main surface regions, in 
advantageous combination with the purely radial mounting and clamping of the resonator.— 

On page 6, line 5, the following new rewritten paragraph has been inserted: 
—FIG. 2 is a top view of a circular resonator lamina embodying the principles of the 
present invention and having electrodes and [electrically] a conductive segments] extending 
up to the lateral surface[, which is for example essentially cylindrical] thereof .— 

On page 6, line 8, the following new rewritten paragraph has been inserted: 
—FIG. 3 is a side view of [a] the lamina [having beveled lateral surfaces and 

electrically conductive electrode segments extending up to the node plane] of FIG. 2 with an 

essentially radial mount .— 

On page 6, line 10, the following new rewritten paragraph has been inserted: 
—FIG 4 is an arrangement having mounting arms that are oriented parallel to the 
[plane of the] resonator lamina. -- 

On page 6, line 16, the following new rewritten paragraph has been inserted: 
—Although other shapes are possible, the preferred shape for piezoelectric resonators, 
in particular for microbalance sensor applications and as frequency standards, is the flat, 
essentially disk-shaped construction shown in the drawings. Electrodes 2 are thereby applied 
on the circular resonator lamina 1, as can be seen particularly clearly in FIG. 1. In 
microbalance arrangements, these electrodes 2 can be provided as [an electron] a collector 
and counter-electrode. Of course, it is also possible for only one electrode to be present on 
one side of the resonator lamina 1 . The electrode 2, or at least one electrode 2, is applied up 
to a point close to the edge of the resonator 1. According to the prior art, in an arrangement 
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such as that shown in FIG. l a the mounting forces or, respectively, electrical contact forces 
FR at the edge of the resonator in the axial direction therefore act in normal fashion on the 
node plane of the pi ezo electrically excitable main oscillation (thickness shear oscillation or, 
respectively, thickness [expansion] extension oscillation).— 

On page 6, line 28, the following new rewritten paragraph has been inserted: 
-In contrast, according to the present invention it is provided that, as shown in FIG. 
2, the resonator lamina or plate 1 is borne at its edge by mounting elements that cause forces 
FR that act radially on the resonator lamina at least two clamping points 3. In this case, the 
force vectors FR lie in the node plane of the piezoelectrically excitable main oscillation 
(thickness shear oscillation or, respectively, thickness [expansion] extension oscillation). In 
the resonator 1, the electrodes 2, which cover only a part of the [flat] main surface(s) of the 
lamina 1, are then preferably provided with conductive strips, called contact lugs 3, which 
extend out to the lateral surface of the resonator lamina. In this construction of the electrodes, 
the resonator 1 is held at its edge by radially acting forces FR, and the electrical contact is 
also produced at the same time by contact surfaces on the mounting elements. [Alternatively 
to this, an electrical contacting separate from the mounting, using separate contact elements, 
would also be possible.] In the inventive arrangement, the force vectors of the mounting 
forces preferably lie in the node plane of the piezoelectrically excitable main oscillation of 
the resonator, which comprises a corresponding crystallographic orientation. This holds both 
for thickness shear oscillations and for thickness [expansion] extension oscillations. — 

On page 7, line 11, the following new rewritten paragraph has been inserted: 
—In FIG. 3, a resonator 1 is shown having two-way phase at its edge and having an 
electrode geometry similar to that shown in FIG. 2, but here the contact lugs 4 extend up to 
the node plane of the main oscillation that is to be excited piezoelectrically (thickness shear 
oscillation or, respectively, thickness [expansion] extension oscillation). In this construction, 
the mounting or, respectively, electrical contacting forces (F) occur at the phase, whereby the 
resulting mounting or, respectively, electrical contact forces (FR) again lie parallel to the 
node plane of the main oscillation that is to be excited piezoelectrically, and therefore act 
radially on the resonator lamina 1 . The peripheral region of the resonator lamina 1 , 
comprising the lateral surfaces, is not flat, but rather is constructed so as to run to an edge, so 
that, working together with corresponding structures in the mounting elements, a precisely 
defined orientation of the resonator 1 is determined and can be securely maintained. A 
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construction of this sort also makes handling easier during installation and exchange of the 
resonator lamina 1, and makes tedious adjustments superfluous.-- 

On page 7, line 24, the following new rewritten paragraph has been inserted: 
—FIG. 4 shows a possible arrangement in which the resonator lamina 1 is located in 
the plane defined by two oblong mounting arms 6, 7 positioned opposite one another. The 
mounting arm 6 is thereby of essentially rigid construction, and is preferably also connected 
fixedly with the base plate 10 of the base structure of the mounting arrangement, while the 
mounting arm 7, which is likewise essentially rigid, is connected with the base structure via 
an elastic element 8 or via an elastically deformable longitudinal segment, and in this way 
exerts holding forces, or, respectively, electrical contacting forces FR on the resonator lamina 
1 that are maximally independent of temperature. The electrical contact to the electrodes 2 of 
the resonator is created via the terminal 9 and the mounting arms 6, 7.— 

On page 8, line 8, the following new rewritten paragraph has been inserted: 
—A further specific embodiment of an inventive mounting arrangement is shown in 
FIG. 6, in which a top view of a ceramic mounting arrangement is shown. Two oblong 
mounting arms 6 and 7 are thereby cut from a flat ceramic lamina and are therefore 
advantageously manufactured in one piece with the base structure 10, said base structure 
being formed by the segment of the ceramic lamina at the right in the drawing. The mounting 
arms 6, 7 are made up of two longitudinal segments, of which that longitudinal segment 6a, 
7a that comes into contact with the resonator lamina 1, and is also located in the region of the 
greatest heating, is constructed with a larger cross-section and is therefore essentially rigid. 
The heating can often be desired and can thereby be particularly intensive, in particular in the 
case of sensor arrangements and microbalance arrangements. The longitudinal segments 6b, 
7b located closer to the base structure 10 are constructed with a smaller cross-section and are 
therefore elastically deformable, and are responsible for the exertion of the mounting forces, 
and [if necessary] also the electrical contacting forces to the electrode 2, on the resonator 
lamina 1. Since they are located outside the region of the heating of the resonator lamina 1, 
and in addition can rapidly transmit the brought-in heat to the base structure 10, the 
mechanical and elastic characteristics thereof are influenced only slightly, or not all, by the 
temperature changes in the region of the resonator lamina 1 .— 
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On page 9, line 8, the following new rewritten paragraph has been inserted: 
--Also, via [the] at least one excitation electrode[, such as] 2 and at least two 
conductive strips 3, 4, and its conductive connection with [the] at least two mounting arms 6, 
7, or 11. the electrical resistance can be measured and can be used to obtain values of the 
temperature of the electrode and or the resonator lamina 1, respectively, in particular by using 
platin electrodes . Further, via the electrode and its conductive connection with the [two] 
mounting arms 6, 7, or 11. the resonator lamina 1 can be heated or thermally stabilized by 
leading an electric current therethrough. This heating or thermal stabilizing could be in 
combination with an arrangement to measure the temperature of the resonator lamina or the 
area surrounding the resonator lamina and a calculation of the necessary, current value and 
control of the current source such that the exact required current value is supplied to the 
electrodes.— 

In the abstract, the following new rewritten paragraph has been inserted: 
—A piezoelectric resonator arrangement comprises a mount having at least two 
mounting elements on a base structure and at least one laminar piezoelectric resonator that is 
clamped between the mounting elements, of which at least one impinges on the resonator 
with a force. In order to obtain the oscillation and resonance characteristics in a manner as 
free as possible of influence from the mounting or, respectively, electrical contacting, and 
over a large temperature range in order also to minimize the temperature-caused hysteresis of 
I the resonance characteristics, the mounting elements abut immediately and directly on the 
resonator and contact and fix this resonator in the arrangement without the use of adhesive, 
and the points of electrical contact of the mounting elements with the resonator are located 
essentially in one plane that lies essentially parallel to the plane of the resonator, and, in 
addition, the mounting and electrical contacting forces exerted by the mounting elements lie 
essentially parallel to the plane of the resonator.- 
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TN THE CLAIMS 



Claims 1, 4, and 10 have been amended as follows: 

1 . (Amended) -A piezoelectric resonator arrangement comprising a mount having at 
least two mounting elements and having at least one platelike piezoelectric resonator having 
at least one excitation electrode from which at least one electrically conductive strip extends 
in the direction of the edge of the resonator, the resonator being clamped between the 
mounting elements in a plane, of which at least one element presses on the resonator with a 
force, said mounting elements abutting immediately and directly on at least one lateral 
surface of the resonator, wherein the resonator is fixed between the mounting elements 
without the use of an adhesive, [the] at least one electrically conductive strip extends [at 
least] up to the lateral surface of the resonator, and at least one adhesive-free electrical point 
of contact with the resonator is provided on the lateral surface of the resonator, the electrical 
contacting forces lying essentially in one plane with the resonator.- 

4. (Amended) -An arrangement according to claim 3, wherein on at least two 
mounting elements, at least one electrical contact surface is respectively provided which 
faces at least one lateral surface of the resonator, at least one second electrically conductive 
strip extends essentially radially from at least one excitation electrode of the resonator, and 
both conductive strips extend to the lateral surface of the resonator and into the region, 
respectively, of one of the electrical contact surfaces of the mounting elements.- 

10. (Amended) -An arrangement according to claim 9, wherein at [lest] least one of 
the mounting elements is constructed as an oblong mounting arm having at least one 
essentially rigid longitudinal segment and one essentially elastically deformable segment.- 
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